A B S T R A C T The absorption and metabolism of synthetic polyglutamates of folic acid have been compared with free pteroylglutamic acid in four subjects having chronic lymphatic leukemia and one with Hodgkin's granuloma. Pteroylpolyglutamates containing either three or seven glutamate residues were prepared by the solid-phase method permitting placement of carbon-14 labels in either the pteridine ring or in a selected glutamate unit of the gamma peptide chain. Complete dissociation was observed between biological folate activity and radioactivity of plasma after ingestion of pteroyltriglutamate labeled in the middle glutamate. This indicates cleavage to the monoglutamate form at the time of absorption from the intestine or very soon thereafter. A large portion of radioactivity liberated from the middle glutamate is recoverable as carbon dioxide in the exhaled air.
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Fecal losses of folate tended to be greater with increasing length of the poly-y-glutamyl chain. Higher blood levels and greater urinary losses of folate tended to occur after ingestion of mono-and triglutamates than with the heptaglutamate. Calculations based on radioactivity determinations in feces plus urinary folate losses, judged by either radioactivity or microbiological assays, indicated net retention of 37-67% of the dose irrespective of chain length ingested and major avenue of loss.
During the peak of absorption the folate circulating in plasma was active for both Streptococcus fecalis and LactobaciUus casei and carried specific radioactivity which was virtually identical with that of the administered dose. This suggests that neither methylation, conjugation, nor displacement of nonradioactive folate occurred to any significant extent during the 1st 2 hr. The specific radioactivity of 24-hr urine specimens as measured with L. casei corresponded closely with that of the administered dose. Evidence exists that methyla-INTRODUCTION Even before the chemical structure of folic acid was established it was recognized that yeast folate is inactive in microbiological assay systems but quite active as a dietary supplement in the chick assay system (1) . Since previous treatment with suitable digestive enzymes yielded a product which was active in both types of assay, the yeast folate was referred to as "vitamin Be-conjugate," and the splitting enzyme was referred to as conjugase (2) . Subsequently it was found that the folate of yeast is a conjugate of pteroic acid with seven molecules of glutamic acid in a gamma peptide chain (3) , while the folate derived from bacterial fermentation has three gamma glutamyl units (4) . These observations suggest that the polyglutamyl side chain is a key factor in the ability of cells to absorb and utilize folate. It is well known that a large portion of the folate in foods consumed by man exists in the polyglutamate form (5-7). It has not been possible until now to carry out a systematic evaluation of the digestion, absorption, and availability to man of folylpolyglutamates. The principal reason has been the lack of test materials of known structure and purity, with suitable radioactive labels. Recently the solid-phase procedure for the synthesis of alpha peptides, as described by Merrifield (8) , has been adapted to permit the unambiguous synthesis of gammaglutamyl peptides of each chain length from two to seven. When one of these chains is coupled to pteroic acid, a folylpolyglutamate of known structure is proThe Journal of Clinical Investigation Volume 48 1969 duced. Similarly it has been possible to introduce glutamic acid-uniformly labeled 'C (glutamic acid-UL-"4C) units at selected positions in the side chain or to couple with pteroic acid bearing an atom of 14C in the pteridine ring. By combining microbiological assay techniques and radioactivity measurements, it is now feasible to examine more accurately the patterns of folylpolyglutamate absorption and metabolism in man. The purpose of this paper is to present our findings in five human subjects after the oral ingestion of either folic acid or folylpolyglutamates suitably labeled with 'C in either the pteridine ring or in one of the glutamyl residues.
METHODS
The clinical studies involved four patients with chronic lymphatic leukemia and one with Hodgkin's granuloma. The patient with Hodgkin's disease was in a state of complete remission, having no evidence of lymphomatous masses, fever, or hematologic abnormality. Three of the chronic lymphatic leukemia subjects were asymptomatic and in partial remission having no anemia, and their white blood cell counts ranged from 12,100 to 27,500/mm'. Therapy with chlorambucil was omitted at least 1 wk before study. A fourth patient had untreated chronic lymphatic leukemia, a total leucocyte count of 139,000/mm', and a hematocrit of 31%. All leukemia subjects had palpable lymph nodes and mild to moderate hepatosplenomegaly. All five subjects were demonstrated to have normal intestinal absorption as judged by fasting serum carotene levels and urinary excretion of D-xylose after a 10 g oral dose. Absorption of dietary fat was normal in each of the four subjects studied by fecal fat measurement in 72-hr stool specimens, and prothrombin activity was normal in the three subjects tested. All patients were maintaining stable weights, and none complained of nausea, vomiting, anorexia, diarrhea, or recent weight loss. Case No. 4 had mild maturity onset diabetes controlled by diet. The clinical and laboratory features are summarized in Table I . All studies were carried out under metabolic ward conditions which ensured careful and complete collection of specimens. Informed consent was given by all participants after the nature of the investigations was explained in detail.
The tests of folate-14C absorption were carried out in the mornings with patients in the fasting state. Base line blood and urine samples were obtained before oral administration of the test compound. Heparinized venous blood samples were obtained at hourly intervals for 4 hr thereafter, and daily 24-hr specimens of stool and urine were collected. A light lunch consisting of gelatin and a soft drink was given at the end of 4 hr. The evening meal consisted of a serving of rice and two frankfurters sliced lengthwise in quarters. These had been thrice boiled in a large volume of water which was discarded, as described by Herbert (9) 'C-labeled polyglutamates were synthesized as described elsewhere (reference 10, footnote 1). Minor contaminants were removed by chromatography on diethylaminoethyl (DEAE)-cellulose columns. Doses were calculated on the basis of molar extinction coefficients of the purified product. Folic acid-2-14C was obtained commercially' and similarly purified before use. This material was also used as a source of pteroic acid-2-14C which was coupled to heptaglutamate yielding ring-labeled pteroylheptaglutamate for administration to the first patient. Synthetic polyglutamate compounds were prepared so as to provide approximately 1 ,Ac/,umole; the monoglutamate was given in a solution containing approximately 2 /Ac/,umole. The first patient received 1.0 Amole of folate; all subsequent subjects received 10.0 ,Amole of folate.
The second subject also received pteroylheptaglutamate. However, in this case the compound was produced by coupling nonradioactive pteroic acid to a seven unit gamma polyglutamate in which the N-terminal amino acid was glutamic acid-UL-j5C. A molecule of heptaglutamate labeled in the glutamate of the folic acid molecule with six additional nonradioactive glutamates in the chain is thus obtained.
1Krumdieck, C., and C. M. Baugh. 1969 The fecal fat was based on a 3 day collection while the patient consumed over 50 g of dietary fat daily.
Each of the next two subjects received pteroylglutamyl-,y-glutamyl--y-glutamate synthesized with glutamate-UL-"C in the middle position. The final patient received columnpurified folic acid-2-J4C diluted with purified nonradioactive folic acid in order to produce a specific activity of 4.6 X 106 dpm/,umole.
All radioactivity determinations were made on an automatic liquid scintillation counter (Nuclear-Chicago Corporation, Des Plaines, Ill.) with appropriate quenching curves and an accumulation of statistically significant counts. Plasma radioactivity measurements were made on filtrates after precipitation of protein by 10%o trichloroacetic acid. Unaltered urine was added to the scintillation liquid.
Stool specimens were prepared for counting by homogenizing the 24 hr specimens in 500 ml of 0.05 N NaOH. 10 ml of this homogenate, 15 ml of saturated KMnO4, and 5 ml of 1 N NaOH were heated together in a boiling water bath for 20 min. The excess permanganate was destroyed by the addition of ethanol dropwise. The suspension was cooled and filtered to remove MnO,. The solid was washed with water on the funnel; the clear, colorless filtrate was then adjusted to pH 7.0 and its volume adjusted to 50 ml with water. Aliquots of 0.5-1.0 ml were counted. This simplified procedure was found to give identical results with a method involving complete oxidation using concentrated sulfuric acid and hydrogen peroxide and trapping of 02-14C by bubbling through NaOH.
The breath samples were quantitated by conversion of the C02 to BaCOs. The expired air from the Douglas bag was pulled through a 1 N solution of NaOH. To this solution was added an excess of Ba(OH)2. The resulting BaCO3 was collected by filtration, washed thoroughly with water, then ethanol, and dried in vacuo over P05 at 100'C. The BaCOs was quantitated gravimetrically and counted as a suspension in Cab-O-Sil (Cabot Corporation, Oxides Division, Boston, Mass.) (11) .
Microbiological assays were carried out with Streptococcus fecalis and Lactobacillus casei according to standard methods previously described (7) .
RESULTS
The results are summarized in Tables II, III, Pteroylheptaglutamate. The first patient to be studied received pteroylheptaglutamate labeled in position two of the pteridine ring, in a total oral dose of 1.0 jumole, equivalent to 441 jug of pteroylglutamic acid. At this low dose it was not possible, with the quantity of plasma available, to demonstrate any change in S. fecalis activity or radioactivity, although plasma L. casei values rose slightly from a base line value of 8.0 to 13.2 ng/ml as shown in Fig. 1 . Stool collections on 3 consecutive days yielded a total of 50.8% of the administered dose, most of it on the 2nd day, and virtually none on the 4th day. The urine excreted during the 1st 24 hr contained 1.5% of the administered radioactivity. After this experience it was decided to use 10-pmole doses in subsequent tests.
The second patient received 10 umoles of pteroylheptaglutamate labeled in the glutamate unit attached to the pteroyl moiety. Microbiological and radioactivity curves of plasma are shown in Fig. 2 . Calculations indicate that the specific radioactivity of the 1 hr plasma (L. casei folate) is 2.1 X 10' dpm/pmole. A 3 day stool collection yielded 25.3% of the dose, while urine contained 8.0%. The details of urinary folate and radioactivity excretion are presented in Table III . It may be seen that there is rather close agreement between the L. casei folate value and the radioactivity determination. However the S. fecalis-active material represents only one-third of the L. casei value, suggesting that the other two-thirds is in a form such as N5-methyltetrahydrofolate which is active only for L. casei. When the L. casei value was used, the specific activity of the urinary folate is 1.65 X 106 dpm/pumole, a value in rather close agreement with the specific activity of the dose, 1.96 X 10' dpm/ptmole. This result indicates that there has been very little displacement of nonradioactive folate from tissues and suggests that metabolic conversion of radioactive folate has occurred producing forms not "seen" 2). Curves of radioactivity and microbiological folate activity after the ingestion of 10 Amoles of pteroyl-UL-14C-glutamyl-y-hexaglutamate. The specific radioactivity of plasma folate at 1 hr is 2.12 X 10" dpm/ /mole which compares favorably with the specific radioactivity of the dose, 1.96 X 10' dpm/jtmole. The more rapid decline of activity for S. fecalis than for L. casei in the later samples is compatible with conversion of a portion of the labeled folate to a form such as N"-methyltetrahydrofolate. This relationship was also observed in the 24 hr urine which contained 7.6% of the radioactive dose, most of it in an L. casei-active form. A total of 25.3% of the radioactivity was recovered in the feces over a 3 day period. Pteroylglutamyl-y-2C-glutamyl-y-glutamate. The third of blood, urine, and feces. Furthermore, a 200 ml plasma patient was found, unexpectedly, to have abnormally low sample was obtained by plasmapheresis over a period serum L. casei folate values on two separate specimens from 50 to 70 min after ingestion of 10 Mmoles of the before the test. This was an 81 yr old widow living on a "middle-labeled" triglutamate. The red cells were relow income, so that an early dietary deficiency is thought turned to the patient. Protein was precipitated from 100 to be the most likely explanation. After ingestion of 10 ml of plasma, and the supernatant was passed through a Emoles of pteroyltriglutamate labeled in the middle glu-DEAE-cellulose column. The folate was eluted and tamic acid moiety, the maximum rise in serum L. casei proved to be entirely devoid of radioactivity. Similarly, activity was to 20 ng/ml. This flat curve is best ex-the folate recoverable by adsorption to and elution from plained by rapid removal from the circulation to replete charcoal was nonradioactive at each hourly sample. Fig. 4 ).
However, carbon dioxide, recovered from the breath in 1/2 hr, contained 10% of the radioactivity administered.
Since the breath was collected during the ascending portion of the blood absorption curve, it seems reasonable to assume that glutamic acid-14C became available for metabolism at an average rate approximating this value for at least 3 hr, and possibly 4. Thus, an estimated 60-80% of the radioactivity could be accounted for in the breath. In any event only nonradioactive folate could be recovered from the plasma, a finding indicating complete dissociation between folic acid and the other two glutamate units. The feces contained only 2.5% of the radioactive dose, and the urine contained none. It should be pointed out that the chemical nature of the radioactivity in the stools was not established; it could represent unaltered pteroyltriglutamate or various derivatives of unabsorbed glutamic acid which had been released by enzymic cleavage. Although the possibility exists that the feces might contain an excess of free folic acid derived from the administered compound, this seems unlikely in view of the known efficient absorption of free folic acid (see below). For these reasons, the 2.5% figure may be considered only as a reasonable estimate for the fecal excretion of unabsorbed folate. As in the preceding patient, no significant radioactivity was detectable in plasma samples, and folate eluted after adsorption to charcoal was likewise nonradioactive. As a further check, folate was isolated from a 200 ml sample of plasma obtained at 1 hr, by adsorption and elution from diethylaminoethyl (DEAE)-cellulose. Again the folate was devoid of radioactivity. However, breath collected from 50 to 80 min after ingestion of the dose con- Absorption and Metabolism of Synthetic Folic Acid Polyglutamate pteroate moiety, since plasma radioactivity corresponds closely with plasma microbiological activity during the absorption period. Conversely, there is complete dissociation of radioactivity and microbiological folate activity of plasma when the 'C label is in the second glutamate. In this situation a considerable portion of the administered label can be recovered promptly as CO in the exhaled air, a finding suggesting that the free amino acid is liberated and fully oxidized to C02 and H2O.
There can be little doubt that man is capable of deriving his nutritional folate requirement from conjugated forms present in the diet. The amount of "free" folate which is available for assay in foods without conjugase treatment represents, approximately one-fourth of the total and is probably inadequate of itself to meet nutritional requirements, particularly during pregnancy or periods of growth. On the other hand Baumslag and Metz (12) have reported that a large ration of raw lettuce containing little free folate is effective in the therapy of megaloblastic anemia of pregnancy. The importance of conjugated folates in the diet is further emphasized by evidence that diphenylhydantoin induces folate deficiency through a mechanism of conjugase inhibition in the gastrointestinal tract (13, 14) . Compatible with this finding are the reports that small oral doses of free folate reverse the signs of megaloblastic anemia, although the anticonvulsant drug is continued (15) . The present studies indicate that 50-70% of ingested folylheptaglutamate is "available" to man inasmuch as it is not lost in the feces. For this reason it would seem desirable to include this fraction in calculations of human dietary requirements and not merely the amount mreasurable by assay without conjugase digestion as has been proposed (9) .
The digestion of folylpolyglutmates has not been extensively studied in man. Santini, Berger, Berdasco, Sheehy, Aviles, and Davila (6) as well as Klipstein (16) have reported that intestinal juice from sprue patients and normal subjects converts inactive dietary precursors into a form which is active in supporting the growth of S. fecalis. Since it is established that S. fecalis responds equally to either pteroylglutamic acid or pteroylglutamyl-y-glutamate (17), these observations do not reveal the end product of luminal folate digestion. In an early clinical study Suarez, Welch, Heinle, Suarez, and Nelson (18) demonstrated that pteroylheptaglutamate, in daily oral doses equivalent to 8.4 mg of free folic acid, caused rapid clinical improvement in a patient with tropical sprue. It is now recognized that this dose greatly exceeds minimal daily requirements, and as Girdwood (19) has commented, "It seems unlikely . . . that the patient with sprue could absorb folic acid conjugates normally while absorbing the 'free' folic acid itself badly." Nevertheless this study, like that of Baumslag and Metz (12) , indicates that man is capable of deriving biologically active folate from a source which is inert in microbiological assay systems.
Baker et al. (20) observed that the "unnatural" synthetic compound, pteroylglutamyl-a-glutamic acid causes increased plasma L. casei activity after oral administration but not by parenteral injection. Presumably the terminal glutamate is removed by a-peptidases in the digestive tract since the original compound is inert in microbiological assay systems. Synthetic pterolyglutamyly-glutamyl-y-glutamic acid was reported to produce a rise only in plasma L. casei activity after oral administration. The authors concluded that this triglutamate is absorbed as such and circulates unaltered because no change was observed in S. fecalis activity. However, their data are also compatible with absorption as a methyl-substituted folylmonoglutamate or displacement of such a compound from tissue stores. (The phenomenon of displacement will be discussed in further detail, below.) In the present study pteroyltriglutamate produced a rise in plasma activity for both L. casei and S. fecalis, a finding indicating the presence of not more than two glutamates in the circulating folate. The radioactivity curves demonstrated loss of the two terminal glutamate units but do not rule out the possibility that nonradioactive diglutamate might have been reformed during absorption. Streiff and Rosenberg (21) have reported that 8 of 11 subjects had malabsorption of a small oral dose of yeast folylpolyglutamate but normal absorption of free folate. They also suggested that mucosal cells of rat small intestine contain an enzyme which converts folylpolyglutamates to the monoglutamate form (21, 22) . While this may indeed prove to be correct it was based on the erroneous assumption that L. cawei activity reflects only the presence of monoglutamates. It is known that this organism is capable of utilizing the diglutamyl and triglutamyl forms of folate as well as the monoglutamate (20, 23) .
Enzymes capable of producing a microbiologically active product from folylpolyglutamates have been described in a variety of tissues and organs of the rat, hog, dog, cow, rabbit, and chicken (24, 25) , in almond meal (2) (3) (4) (5) , and in an extract of the Portuguese Man-O-War, Physalia physalis (26) . Of these only the chicken pancreas enzyme has been carefully characterized. Pfiffner et al. (3, 27) classified it as a carboxypeptidase after showing that it did not attack the methyl ester of pteroylheptaglutamate. Laskowski, Mims, and Day (24) found that it is heat-labile and has a pH optimum of 8.0. Kazenko and Laskowski (28) utilized chemically defined substrates and enzymatically measured reaction products in their investigation of purified chicken pancreas conjugase. Glutamic acid was liberated from the y-triglu-tamate of p-aminobenzoic acid, synthetic pteroyltriglutamate, and from natural "fermentation L. casei factor." However, it was never possible to recover more than one equivalent of glutamic acid per molecule of substrate. Glutamic acid was not liberated from any of four a-linked dipeptides, nor from glutathione in which -the single glutamate is linked through a y-peptide bond. They concluded that the enzyme is a -y-carboxypeptidase requiring at least two terminal glutamic acid molecules in the peptide chain and producing a diglutamate as the end product. If human pancreatic conjugase functions like that of the chicken, then it becomes necessary to postulate the existence of a y-diglutamyl conjugase in either the intestinal epithelium or liver. A critical review of the literature does not reveal that evidence suggesting the existence of such an enzyme in man has been demonstrated heretofore. There have been a number of references to the work of Bird et al. (2) in support of the concept that hog kidney extracts contain an enzyme which produces the free monoglutamate as the end reaction product. However this view was based on the conversion of inactive precursors into some form which was active in supporting the growth of S. fecalis. Reliable proof of chemical structure, such as that presented by Kazenko and Laskowski (28) for chicken pancreas enzyme, has not been available for the products of hog kidney enzyme or for enzymes derived from other sources. However, it should be noted that Bolinder, Widoff, and Ericson (29) have presented data based on chromatographic identification of split products which tend to support the view that one of the products of hog kidney conjugase is pteroylglutamic acid. A number of authors have studied the intestinal absorption of synthetic folic acid using either nonradioactive folate detected microbiologically (19, (30) (31) (32) (33) (34) (35) , or tritiumlabeled folate detected by both microbiological assay and radioactivity measurement (36) (37) (38) . Denko (31) observed peak blood levels in 1-2 hr after ingestion of folic acid followed by excretion in the urine of 35-75% of the 5.0 mg dose. Similar results were reported by Chanarin, Anderson, and Mollin (33) . Whitehead and Cooper (34) have recently reported that folic acid is capable of crossing the intestinal mucosa unaltered, since free folate was present in samples of portal blood after oral ingestion of folic acid. This finding was in contradiction to conclusions reached by Baker, Frank, and Sobotka (39) that a conjugating system may be necessary to convert folic acid into a triglutamate form in order to accomplish intestinal absorption. Although the data presented by Whitehead and Cooper suggest that folic acid is readily absorbable in the monoglutamate form, they do not reveal whether polyglutamates are necessarily cleaved to this form during intestinal absorption and do not exclude the possibility that ingested polyglutamates might be absorbed as the di-or triglutamate. The results presented above provide an answer to this possibility by indicating that hepta-and triglutamates pass through a monoglutamate phase in the process of absorption. The findings of Whitehead and Cooper (34) , like those presented here, suggest that methylation and reduction of folic acid do not occur to any appreciable extent during its passage through the intestinal mucosa, but they do not exclude the possibility that N5 or Nm°-substituted folates could be absorbed from a polyglutamate precursor after suitable cleavage. In an extension of this work it was observed that after ingestion of folic acid, blood emerging from the hepatic vein was rich in L. casei-active material and low in S. fecalis activity (34) . This was considered to be the result of displacement of N'-methyltetrahydrofolate from the liver by incoming folic acid. Such an interpretation is compatible with the mechanism suggested earlier by Chanarin and McLean (40) who found only nonradioactive methylfolate in the urine of three out of four normal persons after parenteral administration of tritiated folate. Displacement studies have also been carried out by Johns, Sperti, and Burgen (41), Johns and Plenderleith (42), and Sheehy et al. (37) . However, these studies suffer from the instability of the tritium label and the uncertainty as to its location, two major disadvantages which do not exist in the 'C-labeled material in the present study. The studies of Johns et al. (41) and Sheehy et al. (37) indicate that folate is not readily available for excretion if the flushing dose is given after a delay of 24 hr. In the present study less than 1% of the radioactive dose could be displaced into the urine by a 20 mg oral dose of nonradioactive folate given 4 days later.
Yoshino (43) has studied the absorption and excretion of tritiated folic acid in man. Nonfolate tritium was eliminated by recovering folate from specimens with carrier folate and DEAE-cellulose column chromatography. He reported a mean urinary excretion of 48.4% of the dose in 24 hr, and a mean 24-hr fecal loss of 3.5%. These values are in agreement with the findings in the one subject reported here who received folic acid-2-uC. Yoshino also described diminished urinary folate excretion in certain malabsorption syndromes, pernicious anemia, and leukemia. Chronic lymphatic leukemia was not among the hematologic disorders studied.
The site and cellular mechanism of absorption of unconjugated folic acid in man were considered in the report by Hepner, Booth, Cowan, Hoffbrand, and Mollin (35) . Small bowel perfusion was carried out with a double-lumen tube with separated orifices, various concentrations of free folate, and a nonabsorbable reference material. It was observed that the proximal small bowel is the principal site of folate absorption in normal persons, and that this function is impaired in celiac dis-ease. There was poor absorption in the distal jejunum and none in the ileum. It was further noted that folate disappeared from the lumen in one patient in spite of the fact that the serum folate had been elevated 30-fold by an intravenous injection. Thus, absorption against a concentration gradient suggested an active transport mechanism which is capable of operating at a level vastly in excess of the physiological requirement. Cohen (44) has also suggested that folate absorption occurs by an active process. Yoshino (45) has also reported that the proximal small bowel is the principal absorption site for folic acid in the rat. While noting that it is difficult to deny the existence of an active transport system, he favored a passive transport mechanism. This view was (47) , was a satisfactory explanation for their results, since four patients with disseminated carcinoma revealed normal absorption curves. In the present study absorption patterns were comparable both in patients with lymphoid masses and without. Plasma curves of folate activity after an oral dose of 4.41-mg equivalents were quite similar to published normal curves in three of our four subjects. The flat curve was observed in an elderly woman living on a low income who had subnormal base line values of serum folate, probably on a nutritional basis. Although it is recognized that retention of folate by lymphoid tissue may be a factor in the interpretation of our results, we do not consider it likely that lymphoma has altered the basic mechanism of polyglutamate digestion, or of folate absorption, transport, and excretion. Further observations on normal subjects will be needed to clarify these points.
In the present series calculations of specific radioactivity in the folate of plasma and urine do not suggest significant displacement of nonradioactive folate from tissue stores. After the administration of either folate-2-14C or pteroylheptaglutamate labeled in the first glutamic acid unit, the specific activities of plasma and urine compared rather closely to those of the ingested material. One patient (case No. 2) revealed a higher urinary content of material active fox L. casei than for S. fecalis (396 Ftg vs. 123 pAg), suggesting metabolic conversion of labeled material to a form such as N -methyltetrahydrofolate before excretion. The subject who received folate-2-"C apparently excreted approximately half the ingested dose as unaltered folate, since the material was equally active for L. casei and S. fecalis.
The specific activity was 25% less than the calculated value in the plasma and 15% less in the urine. While this may indicate some dilution by displacement of nonradioactive folate from tissue, it does not approach the nearly complete displacement as described by Chanarin and McLean after parenteral administration of tritiated folate in normal subjects. Obviously further investigations will be needed to determine if this discrepancy might be due to differences in labeled folate, patient material, dosage, or route of administration.
The present studies indicate that fecal losses of folate tend to be greater as the length of the poly-y-glutamyl side chain increases. Thus the fecal loss was 25 and 51%, respectively, when folate was administered as the heptaglutamate, and 10% when administered as the monoglutamate. Conversely, urinary loss, as judged by both radioactivity determination and microbiological assay, was 8.7% or less with the heptaglutamate and 50-60% with the mono-and triglutamate. These findings would be in keeping with the view that suitable cleavage must occur in order to permit absorption in the proximal small bowel. Recent observations of Matthews, Crampton, and Lis (48) are of interest in connection with the absorption of short chain glutamyl peptides of folic acid. These investigators have reported more rapid absorption of certain dipeptides than from the equivalent amount of free amino acid. These observations may prove to be significant in connection with the digestion of folic acid polyglutamates and active transport of folic acid.
ADDENDUM
Since preparation of this report a comparison has been made in the same person between the absorption of folate-2-"C and pteroylglutamyl-'y-UL-"C-glutamyl-'y-glutamate. The patient has homocystinuria and will be described in further detail in a separate report. As in the present study a significant percentage of the "C could be recovered as C02 in the breath after ingestion of the triglutamate, but not with the ring-labeled material. After oral administration of folate-2-"C only 3.5% of the dose could be recovered in the stools over a 72 hr period. 
